INTRODUCTION
============

Mechanical thrombectomies are commonly performed for acute ischemic strokes and result in improved angiographic and neurological outcomes compared with intravenous pharmacologic thrombolysis alone \[[@b7-jkns-2018-0165]\]. Achieving successful recanalization with a shorter procedure duration is of major interest to neurointerventionists. Accordingly, outcome comparisons focusing on stent types or combination techniques have been performed extensively. However, distal embolization after the procedure has been reported in up to 17% of all cases \[[@b20-jkns-2018-0165]\]. In addition, 11.4% of patients with acute middle cerebral artery (MCA) occlusions experienced new vascular territory infarctions \[[@b10-jkns-2018-0165]\]. Since clot migration distally to the initial occlusion site or to new vascular territories can worsen neurologic outcomes \[[@b14-jkns-2018-0165]\], prevention of clot fragmentation and subsequent migration should be investigated alongside rapid and successful recanalization. Balloon-guide catheters (BGC) are increasingly being used for temporary proximal flow arrest during mechanical thrombectomies \[[@b4-jkns-2018-0165]\]. In an *in vitro* MCA hard clot occlusion model, f low arrest using BGC resulted in higher recanalization rates and decreased distal emboli incidence with fewer thrombectomy attempts \[[@b5-jkns-2018-0165]\]. Nevertheless, associations between BGC and better angiographic or neurologic outcomes have not been well documented in patients with acute ischemic strokes. Post-hoc analysis of the North American Solitaire Acute Stroke registry \[[@b16-jkns-2018-0165]\] showed that complete recanalization, defined as Thrombolysis In Cerebra Ischemia (TICI) 3 grade, was observed more often in the BGC group than in the non-BGC group. In addition, BGC use was independently associated with good clinical outcomes. However, the incidence of distal emboli did not differ significantly between the two groups. Velasco et al. \[[@b20-jkns-2018-0165]\] reported that one-pass thrombectomies were achieved more frequently in the BGC group. However, follow-up data about clinical outcome was not provided. Here, we performed an updated meta-analysis including recently published articles to compare the treatment outcomes using BGC versus not using BGC during mechanical thrombectomies.

MATERIALS AND METHODS
=====================

Literature search and selection criteria
----------------------------------------

Studies from PubMed, EMBASE, and the Cochrane Central Register of Controlled trials in the Cochrane Library from January 2010 to February 2018 were searched using the MeSH terms or key words \[[@b4-jkns-2018-0165]\]. The details of the search strategy are described in [Supplementary material](#SD1-jkns-2018-0165){ref-type="supplementary-material"}. The inclusion criteria were : 1) studies comparing treatment outcomes according to BGC use (BGC vs. non-BGC), 2) studies with participants above 18 years of age, and 3) studies with extractable separate angiographic and clinical outcomes \[[@b4-jkns-2018-0165]\]. Exclusion criteria were : 1) studies which did not separate outcomes according to BGC use, 2) studies reporting overlapping data, 3) studies with absence of interest outcomes, 4) studies without extractable data, and 5) review articles or case reports. We also requested additional data pertaining to stroke outcomes by contacting the authors for correspondence. The risk of bias for each study was assessed using the Newcastle-Ottawa scale for non-randomized studies ([Supplementary Table 1](#SD2-jkns-2018-0165){ref-type="supplementary-material"}).

Primary outcomes measured were successful recanalization and distal embolization. Secondary outcomes were good outcome at 3 months, mortality, and symptomatic intracranial hemorrhage (S-ICH). Successful recanalization was defined as TICI ≥2b \[[@b1-jkns-2018-0165]\]. Distal embolization was defined as thrombus fragmentation or embolus migration to a distal branch of the same vascular territory or to a new territory after the procedure \[[@b12-jkns-2018-0165],[@b17-jkns-2018-0165]\]. Good clinical outcome was defined by a modified Rankin scale score of ≤2. S-ICH was defined as any ICH, subarachnoid hemorrhage or intraventricular hemorrhage concomitant with an increase of ≥4 points on the National Institute of Health Stroke Scale (NIHSS) over the baseline score within 24 hours or death \[[@b11-jkns-2018-0165],[@b16-jkns-2018-0165]\]. Two authors (J.H.A. and S.E.K.) independently evaluated the eligibility of the studies and extracted the data using a uniform, standardized form. Disagreements between the two authors were resolved by discussion with the other reviewers (H.C.K. and J.P.J.). This study was approved by the Institutional Review Boards of Chuncheon Sacred Heart Hospital. The meta-analysis was performed according to the PRISMA guidelines.

Statistical analysis
--------------------

Dichotomous variables are shown as odds ratio (OR) with a 95% confidence interval (CI). Heterogeneity was evaluated using the I2 test. A random effects model was used due to moderate heterogeneity. Publication bias was determined using Begg's funnel plot and Egger's regression. Due to the presence of heterogeneity among studies, meta-regression analysis was performed to determine whether onset-to-puncture time (OTP) differences affected the primary outcomes. To resolve publication bias, the "trim and fill" method was additionally conducted to assess the number of missing studies and riskadjusted outcome \[[@b13-jkns-2018-0165]\]. A comprehensive meta-analysis (CMA) software (CMA v2.2.064; Biostat, Englewood, NJ, USA) was used for all the above, with a statistical significance indicated at *p*\<0.05.

RESULTS
=======

Identification of relevant studies
----------------------------------

A flow diagram of the detailed search process for the studies in this meta-analysis is presented in [Fig. 1](#f1-jkns-2018-0165){ref-type="fig"}. After applying the inclusion and exclusion criteria, we found 13 articles to be eligible. Of them, six articles were excluded in the final analysis due to lack of extractable data (n=2), absence of interest outcomes (n=2), or being review studies (n=2). Finally, seven articles were included in this meta-analysis. The mean age in each study ranged from 63.8 to 70.5 years. The mean NIHSS score at admission was 11.2--17.6 for the BGC group and 13.2--18.3 for the non-BGC group ([Table 1](#t1-jkns-2018-0165){ref-type="table"}).

Primary outcomes and publication bias
-------------------------------------

A total of six studies involving 2136 patients were analyzed for successful recanalization. The number of patients with a successful recanalization was 978 (86.4%) in the BGC groups and 785 (78.2%) in the non-BGC groups. Mechanical thrombectomy with BGC increased successful recanalization rates significantly compared to without BGC (OR, 1.632; 95% CI, 1.293--2.059) ([Fig. 2A](#f2-jkns-2018-0165){ref-type="fig"}). The number of distal emboli was 37 (15.4%) with BGC and 70 (24.6%) in the non-BGC group, respectively. Mechanical thrombectomy with BGC did not significantly affect the incidence of distal emboli compared to thrombectomy without BGC (OR, 0.404; 95% CI, 0.108--1.505) ([Fig. 2B](#f2-jkns-2018-0165){ref-type="fig"}). Publication bias analysis for successful recanalization showed funnel plot asymmetry ([Fig. 3A](#f3-jkns-2018-0165){ref-type="fig"}). Egger's regression test exhibited an intercept of 2.61 (95% CI, -0.53 to 5.77). Regarding distal emboli, funnel plot asymmetry was also observed ([Fig. 3B](#f3-jkns-2018-0165){ref-type="fig"}) with intercept of Egger's regression test of -6.46 (95% CI, -34.48 to 21.55). Accordingly, possible publication bias was observed for each test.

Meta-regression
---------------

Meta-regression analysis was conducted to estimate the log ORs of successful recanalization and distal emboli based on differences in the OTP. A regression coefficient of 0.017 (*p*-value=0.015) was observed in successful recanalization ([Fig. 4A](#f4-jkns-2018-0165){ref-type="fig"}). Accordingly, a linear relationship was observed between the OTP differences and the log odds ratios for successful recanalization. Regarding distal emboli, the regression coefficient was -0.030 (*p*-value=0.118), suggesting absence of significant effect of the OTP differences on the log odds ratio of distal emboli ([Fig. 4B](#f4-jkns-2018-0165){ref-type="fig"}).

Trim and fill method
--------------------

To resolve possible publication bias, we trimmed two studies for successful recanalization. After correction of the forest plot, the adjusted OR was 1.489 (95% CI, 1.191--1.860), suggesting a significant relationship between BGC use and higher rates of successful recanalization ([Supplementary Table 2](#SD3-jkns-2018-0165){ref-type="supplementary-material"}). Regarding distal emboli, we trimmed two studies to resolve publication bias. After correction of the forest plot, the adjusted OR was 1.165 (95% CI, 0.310--4.382), suggesting lack of a significant relationship between BGC use and distal emboli after thrombectomy ([Supplementary Table 2](#SD3-jkns-2018-0165){ref-type="supplementary-material"}).

Secondary outcomes : BGC vs. non-BGC
------------------------------------

The number of good outcomes at 3 months was 584 (59.5%) with BGC and 375 (42.6%) in the non-BGC group. Good outcomes were observed more frequently in mechanical thrombectomies with BGC (OR, 1.886; 95% CI, 1.564--2.273). No significant difference in mortality rate was observed according to BGC use (OR, 0.696; 95% CI, 0.441--1.098). The incidence of S-ICH did not differ significantly with BGC use (OR, 0.730; 95% CI, 0.173--3.084) ([Table 2](#t2-jkns-2018-0165){ref-type="table"}).

DISCUSSION
==========

Our study showed that BGC enhance successful recanalization. However, BGC use did not decrease distal emboli after mechanical thrombectomies. Nevertheless, possible publication bias and heterogeneity among studies should be considered to the interpretation.

It is believed that mechanical thrombectomy with BGC leads to higher rates of successful recanalization and lower risks of distal emboli by decreasing proximal flow when compared to thrombectomy without BGC. Chueh et al. \[[@b5-jkns-2018-0165]\] reported that distal emboli greater than 1 mm in diameter were significantly decreased in the BGC group in an *in vitro* MCA occlusion model. In addition, aspiration though BGC provided higher flow reversal than with conventional guiding catheter. Conversely, Mokin et al. \[[@b14-jkns-2018-0165]\] did not find meaningful differences in successful recanalization with BGC use, although embolization to new vascular territories occurred less frequently in the BGC group than in the non-BGC group in an *in vitro* MCA clot model. A recent meta-analysis \[[@b4-jkns-2018-0165]\] reported a significantly higher rate of successful recanalization in the BGC group (78.9%) than in the non-BGC group (67.0%). Nevertheless, differences in OTP between the two groups, affected treatment outcomes. In this study, we explored the effects of OTP differences on primary outcomes with BGC use. Regarding successful recanalization, the regression coefficient was 0.017, indicating a linear relationship between the OTP difference and the log odds ratio of successful recanalization. Accordingly, OTP difference can be a moderator which may have a substantial effect on outcome prediction. Five studies \[[@b15-jkns-2018-0165]-[@b18-jkns-2018-0165],[@b21-jkns-2018-0165]\] compared clinical outcomes at 3 months according to BGC use. The BGC group had more patients with good clinical outcomes than the non-BGC group. Recently, Zaidat et al. \[[@b22-jkns-2018-0165]\] reported that the first-pass effect, defined as complete recanalization with a single device pass, was associated with better clinical outcome. In their study, ischemic stroke patients with first-pass effects resulted in better outcomes at 3 months compared to those without first-pass effects. Velasco et al. \[[@b20-jkns-2018-0165]\] showed that successful thrombectomies with a single device pass was observed more frequently in the BGC group than in the non-BGC group with markedly shorter durations. Therefore, it is possible that mechanical thrombectomy with BGC leads to improved clinical outcome by enabling first-pass recanalization and significantly decreasing procedure time. However, the effects of anesthesia should also be considered when assessing clinical outcome after the procedure. According to Brinjikji et al. \[[@b3-jkns-2018-0165]\], the use of general anesthesia significantly decreased the rates of good clinical outcome after adjusting for baseline NIHSS. Therefore, additional metaanalyses based on individual patient data that considers OTP difference and anesthesia type, are required.

Concerns about BGC use during mechanical thrombectomy include: patients' tolerance to temporal flow arrest \[[@b5-jkns-2018-0165]\], delivery time based on the insertion of the BGC in the proximal internal carotid artery, especially in patients with difficult arches, and groin puncture site complications due to larger 8 Fr or 9 Fr groin sheath that are required for BGC use. To address the first concern, immediate partial MCA flow reversal has been noted in an *in vitro* MCA occlusion model \[[@b5-jkns-2018-0165]\] when using stent retrievers during BGC inflation. However, in clinical circumstances, patients with poor collateral vasculature may have a higher risk of ischemic brain injury during balloon inflation. As to the second concern, a comparison of guiding catheter delivery time based on BGC use has not been well documented. Overall, patients who underwent mechanical thrombectomy without BGC appear to be younger than those in the BGC group \[[@b4-jkns-2018-0165],[@b16-jkns-2018-0165]\]. Consequently, sample selection bias could occur, due to patients with more tortuous arches being more likely to be treated with conventional guiding catheters \[[@b4-jkns-2018-0165],[@b16-jkns-2018-0165]\]. Finally, a subset of neurointerventionists are reluctant to use BGC due to complications associated with the groin puncture site. Shah et al. \[[@b19-jkns-2018-0165]\] reported lower groin site complication rates of 0.4--0.8%; however, safety issue, especially in the elderly patients with atherosclerotic stenosis of the internal iliac arteries or a history of coagulopathy, should be studied further.

This study has a few limitations. First, all the studies included were retrospective with small sample sizes. Consequently, inherent selection biases, such as differences in the intravenous recombinant tissue-type plasminogen activator \[[@b9-jkns-2018-0165],[@b16-jkns-2018-0165]\], and anesthesia type (general vs. local anesthesia) may inf luence the results. Second, technical variations in the mechanical thrombectomy process were not considered. Although stent retrievals with BGC are commonly performed, multimodal approaches such as the direct aspiration first-pass technique (ADAPT), stent-retrieving aspiration catheter with proximal balloon (ASAP), continuous aspiration before intracranial vascular embolectomy (CAPTIVE), stent-retriever-assisted vacuum-locked extraction (SAVE) and stent retrieval with simultaneous aspiration of the clot (Solumbra) exists and are used in daily practice \[[@b2-jkns-2018-0165],[@b6-jkns-2018-0165],[@b8-jkns-2018-0165]\]. Advances in endovascular technologies will determine the choice and timing of these interventions. Accordingly, the clinical efficacy of BGC should be evaluated under various conditions through large-scale prospective studies.

CONCLUSION
==========

Our study showed that mechanical thrombectomy with BGC demonstrated a higher rate of successful recanalization compared to thrombectomy without BGC. Regarding distal emboli incidence, BGC use did not decrease the events. Although possible publication bias was observed, the adjust ORs did not reach statistical significance. Nevertheless, the retrospective format and small sample sizes of the analyzed studies limit our conclusion. Meta-analyses based on individual patient data derived from large, prospective and randomized controlled trials are necessary to properly compare the angiographic and neurological outcomes according to BGC use in mechanical thrombectomy.
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###### 

Quality assessment of studies included in the meta-analysis using the Newcastle-Ottawa Scale

###### 

Publication bias analysis using the "trim-and-fill" methods for identification of successful recanalization and distal emboli in this meta-analysis

![Flow diagram detailing the identification of relevant studies.](jkns-2018-0165f1){#f1-jkns-2018-0165}

![Comparison of successful recanalization (A) and distal emboli (B) after mechanical thrombectomy according to BGC use (BGC vs. non-BGC). OR : odds ratio, CI : confidence interval, BGC : balloon-guiding catheter.](jkns-2018-0165f2){#f2-jkns-2018-0165}

![Publication bias in comparison of successful recanalization (A) and distal emboli (B) after mechanical thrombectomy between the two groups of BGC and non-BGC. OR : odds ratio, BGC : balloon-guiding catheter.](jkns-2018-0165f3){#f3-jkns-2018-0165}

![Meta-regression of differences in the onset-to-puncture time (OTP) and the log odds ratios for successful recanalization (A) and distal emboli incidence (B) in three studies. The difference in the mean OTP was used in three studies. Each study is represented by a circle, whose size is proportional to the study weight in the meta-analysis. The straight line represents the best line of correlation (*p*-value=0.015 in A and *p*-value=0.118 in B).](jkns-2018-0165f4){#f4-jkns-2018-0165}

###### 

Summary of clinical data for studies included in this meta-analysis

  Study                                             Center/design                           Procedure type   Total   Age (years)   NIHSS       Prior IV-tPA   OTP (minutes)   PT (minutes)                                        General anesthesia                                  Successful recanalization   Distal emboli   No. of passes                                                 Good outcome at 3 months                                      Mortality   S-ICH
  ------------------------------------------------- --------------------------------------- ---------------- ------- ------------- ----------- -------------- --------------- --------------------------------------------------- --------------------------------------------------- --------------------------- --------------- ------------------------------------------------------------- ------------------------------------------------------------- ----------- -----------
  Nguyen et al. \[[@b16-jkns-2018-0165]\] (2014)    Post-hoc analysis of NASA registry      BGC              149     68.5          17.6        77 (51.7)      348             120                                                 97 (84.4)                                           113 (76.0)                  26 (18.2)       1.8                                                           65 (51.6)                                                     33 (26.2)   18 (12.2)
                                                    Non-BGC                                 189              66.1    18.3          73 (38.6)   375            161             99 (60.0)                                           133 (71.0)                                          29 (16.0)                   1.9             62 (35.8)                                                     55 (31.8)                                                     17 (9.0)    
  Nguyen et al. \[[@b15-jkns-2018-0165]\] (2015)    Post-hoc analysis of TRACK registry     BGC              279     64.8          NC          NC             266             NC                                                  NC                                                  236 (84.6)                  NC              NC                                                            162 (58.1)^[\*](#tfn1-jkns-2018-0165){ref-type="table-fn"}^   NC          NC
                                                    Non-BGC                                 255              67.6    NC            NC          249            NC              NC                                                  191 (74.9)                                          NC                          NC              102 (40.0)^[\*](#tfn1-jkns-2018-0165){ref-type="table-fn"}^   NC                                                            NC          
  Pereira et al. \[[@b18-jkns-2018-0165]\] (2015)   Post-hoc analysis of SWIFT-PRIME        BGC              48      NC            NC          NC             NC              60                                                  NC                                                  NC                          NC              1.6                                                           32 (66.7)                                                     2 (4.2)     NC
                                                    Non-BGC                                 39               NC      NC            NC          NC             65              NC                                                  NC                                                  NC                          1.9             21 (53.8)                                                     4 (10.3)                                                      NC          
  Velasco et al. \[[@b20-jkns-2018-0165]\] (2016)   Two institutions/ retrospective         BGC              102     70.5          NC          43 (42.2)      NC              25.6                                                102 (100.0)                                         96 (94.1)                   NC              1.6                                                           NC                                                            NC          NC
                                                    Non-BGC                                 81               68.8    NC            51 (63.0)   NC             54.8            81 (100.0)                                          61 (75.3)                                           NC                          2.4             NC                                                            NC                                                            NC          
  Zaidat et al. \[[@b21-jkns-2018-0165]\] (2016)    Post-hoc analysis of STRATIS registry   BGC              505     NC            NC          NC             NC              NC                                                  NC                                                  450 (89.1)                  NC              NC                                                            313 (62.0)                                                    NC          NC
                                                    Non-BGC                                 375              NC      NC            NC          NC             NC              NC                                                  327 (87.2)                                          NC                          NC              184 (49.1)                                                    NC                                                            NC          
  Lee et al. \[[@b12-jkns-2018-0165]\] (2017)       Single institution/retrospective        BGC              73      66.8          11.2        31 (42.5)      202.5           99.8                                                0^[†](#tfn2-jkns-2018-0165){ref-type="table-fn"}^   63 (86.3)                   5 (6.8)         2.6                                                           NC                                                            4 (5.5)     2 (2.7)
                                                    Non-BGC                                 66               64.6    13.2          33 (50.0)   233            124             0^[†](#tfn2-jkns-2018-0165){ref-type="table-fn"}^   48 (72.7)                                           21 (31.8)                   2.7             NC                                                            7 (10.6)                                                      12 (18.2)   
  Oh et al. \[[@b17-jkns-2018-0165]\] (2017)        Single institution/retrospective        BGC              24      65.1          15.5        12 (50.0)      199             78.8                                                0^[†](#tfn2-jkns-2018-0165){ref-type="table-fn"}^   20 (83.3)                   6 (23.1)        2.4                                                           12 (50.0)                                                     2 (8.3)     4 (16.7)
                                                    Non-BGC                                 38               63.8    15.8          15 (39.5)   238            92.7            0^[†](#tfn2-jkns-2018-0165){ref-type="table-fn"}^   25 (65.8)                                           20 (57.1)                   3.7             6 (15.8)                                                      6 (15.8)                                                      4 (10.5)    

Values are presented as number (%).

Number of events among 279 and 255 patients who were followed.

All procedures were done under local anesthesia.

NIHSS : National Institute of Health Stroke Scale, IV-tPA : intravenous recombinant tissue-type plasminogen activator, OTP : onset to puncture time, PT : procedure time, S-ICH : symptomatic intracranial hemorrhage, NASA : the North American Solitaire Acute Stroke, BGC : balloon-guide catheter, TRACK, TREVO stent retriever acute stroke, NC : not commented, SWIFT-PRIME : Solitaire™ With the Intention For Thrombectomy as PRIMary Endovascular Treatment, STRATIS : Systematic Evaluation of Patients Treated With Stroke Devices for Acute Ischemic Stroke

###### 

Meta-analysis of secondary outcomes including good outcome at 3 months, mortality and S-ICH

                             No. of studies   OR BGC vs. non-BGC   95% CI         *p*-value   I^2^
  -------------------------- ---------------- -------------------- -------------- ----------- --------
  Good outcome at 3 months   5                1.886                1.564--2.273   \<0.001     0
  Mortality                  3                0.696                0.441--1.098   0.120       0
  S-ICH                      3                0.730                0.173--3.084   0.669       75.896

S-ICH : symptomatic intracranial hemorrhage, BGC : balloon-guide catheter, OR : odds ratio, CI : confidence interval
